There is a growing global concern for the environmental and health hazards posed by heavy metal contaminants, especially lead in the soil and ground water. The potential for plant and animal uptake, metabolism, and propagation into food-chain poses great health risks. World communities face a common need to a cheap, efficient, and effective technology to mitigate the growing problem of heavy metal contaminations. The present investigation was undertaken to evaluate the potential of using aqueous extracts of edible vegetables and fruits for the in-situ remediation of lead contaminated water (1300 ppm). The plants used in this study include Mustard Green (Brassica juncea), Spinach (Spinacea oleracea), Collard Green (Brassica oleracea), Bitter Leaf (Vernonia amygdalina), Carrot (Daucus Carota Sativus), Red, Green, and Yellow Bell Pepper (Capsicum Annuum), Tomatoes (Lycopersicon esculentum), Red and White Grape (Vitis vinifera), and Lime (Citrus aurantifolia). After shaking triplicate reaction mixtures lead contaminated water and each substrate for 22 hours at room temperature, lead removal by the substrates were analyzed by EPA Method 6010, using Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES). Results suggest that the order of lead removal is Collard Green (99.8%) > Spinach (98.7%) > Mustard Green (98.2%) > Green Bell Pepper (97.8%) > Yellow Bell Pepper (97.75%) > White Grape (96.7%) > Carrot (95.5%) > Red Bell Pepper (94.28%) > Red Grape > 93.5% > Tomatoes (84%) > Bitter Leaf (61%). The study concludes that liquid substrates such as the supernatants from pureed edible tuberous, leafy, and fruity vegetables can effectively remove lead from contaminated water.
Introduction
Many sites around the globe have been heavily polluted by heavy metals. Lead contamination is one of the most wide-spread group of heavy metal pollutants that contaminate the air, water, and land constituting a major global problem [1] [2] [3] [4] [5] . A wide range of human activities are responsible for lead exposure, distribution, and mobilization into or in the environment. Rapid industrializetion and urbanization have led to serious deterioration of the quality and value of the land, water, and air. Majority of homes built before 1978 contain lead-based paints. Degradation of old lead based paint in older homes and unsafe remodeling, sanding, or blasting of these homes can result in the accumulation of lead in the soil [6, 7] . High lead levels in the soil and its associated risks in urban areas can also be attributed to high densities of traffic that emit leaded gasoline additives and combustion of coal [8] , mining activities, wastes and discharges [9, 10] , automotive exhaust fumes, application of municipal waste water [11] , manufacture and use of agricultural fertilizers, insecticides and pesticides [12] , and waste disposal in landfills [13] . Other products and materials that contain lead include but are not limited to glazed ceramics and toys [14] , lead containing plumbing pipes and sinks, television glass, ammunitions, and batteries, x-ray shields, fetal monitors, electrical equipment, and some lead-roofing materials.
Despite global efforts to reduce environmental lead exposure over the past several decades, lead pollution and exposure pose grave and urgent environmental and public health concerns [15] [16] [17] [18] . Lead is a non-degradable toxic substance whose exposure to children has been reported to cause impaired mental development, reduced cognitive ability, learning difficulties, and low IQ [7, [19] [20] [21] [22] , low quantitative skills [23] , and neurotoxicity [24] . Lead is potentially harmful to adults and can cause brain, neurological, kidney, reproductive system, and liver damage [25] , and renal disease [26] .
Over the last decade, considerable research has focused on developing cheap and effective solutions for the treating contaminants in soil and water. Phytoremedia-tion technique has shown promise in the mitigation of organic contaminants [27] [28] [29] , and petroleum hydrocarbons [30] . However, the technologies for heavy metal contaminated soil has met mixed success because of cost prohibitive ex-situ processes that require excavation and removal [31, 32] . In practice, in-situ remediation technologies are favored over ex-situ methods for contaminant mitigation (detoxification, neutralization, degradation, or immobilization).
Utilization of plants for the clean up of heavy metals from aquatic environment is beginning to gain attention. Technologies for heavy metal contaminated water include electrochemical deposition and precipitation [33, 34] .
The later introduces other chemicals into the water and environment. Emerging research reports have shown that some substrates have the potential to remove heavy metals from contaminated water [35] [36] [37] [38] .
Recently, Agwaramgbo reported that charcoal, clay soil, and mustard green and spinach [39] and Salmon Fishbone [40] significantly removed lead from contaminated water. The present paper aimed at evaluating the extracts from edible leafy, tuberous, and fruity plants for the remediation of lead contaminated water.
Materials & Methods

Preparation of Lead Nitrate Solution 1300 ppm
Using an analytical balance, 1.3 g of lead Nitrate from Fisher Scientific (L6200) was dissolved in enough deionized water (added incrementally) to give 1000 ml of solution. Then a stirring bar was dropped into the volumetric flask and the mixture was stirred until all the lead was completely dissolved. The flask was wrapped with aluminum foil to avoid much exposure to light while the solution continued to stir at room temperature until it was used.
Preparation of 650 ppm of Lead Nitrate Solution
To 25 ml of the 1300 ppm lead nitrate solution prepared above was added 25 ml of deionized water. This represented a control for the dilution that will occur when 25 ml of plant extract supernatants are added to 25 ml of the 1300 ppm lead solution, respectively. The resulting solution was vortexed using a Genie 2 vortex and stirred to mix.
Preparation of the Supernatants from Leafy Vegetables: Spinach, Mustard Green, Collard Green, Bitter Leaf
Mustard Green, Spinach, and Collard Green were bought from a local market while the Bitter Leaf was obtained from a local garden. Each leafy vegetable (100 g) was washed with deionized water and patted dry with kimwipes. The 100 g of each vegetable was respectively pureed in a regular kitchen blender using 200 ml of deionized water. Each puree was filtered using a white handkerchief bought from a local Wal-Mart store. The filtrate was put into four 50 ml centrifuge tubes and centrifuged at 3000 rpm for 10 minutes using a Thermo Centra CL2 bench-top centrifuge. Using disposable pipettes, three 25 ml portions of each resulting supernatant was carefully transferred into three 50 ml centrifuge tubes, respectively. The tubes were capped, labeled, and put in the refrigerator for later use within one hour.
Preparation of the Supernatants from Fruity Vegetables: Red, Green, and Yellow Bell Pepper, and Tomatoes
Following the procedure used for the leafy vegetables above, 100 g of each fruity vegetable was pureed, filtered and centrifuged. Each resulting supernatant was transferred into three 50 ml centrifuge tubes in 25 ml portions, respectively. The tubes were capped, labeled, and put in the refrigerator for later use within one hour.
Preparation of the Supernatants from Fruits: Red and White Grape
Following the procedure used for the fruity vegetables above, 100 g of each fruit (white and red grape) was pureed, filtered and centrifuged. Each resulting supernatant was transferred into three 50 ml centrifuge tubes in 25 ml portions, respectively. The tubes were capped, labeled, and put in the refrigerator for later use within one hour.
Preparation of Lime Supernatant
Following the procedure used for the fruity vegetables above, lime fruits bought from a local store were washed, dried, and peeled. 100 g of the peeled fruit was pureed with 200 ml of deionized water, filtered and centrifuged. Each resulting supernatant was transferred into three 50 ml centrifuge tubes in 25 ml portions, respectively. The tubes were capped, labeled, and put in the refrigerator for later use within one hour.
Preparation of Carrot Supernatant
Following the procedure used for the fruits above, 100 g of carrot bought from a local store were washed, dried, and pureed with 200 ml of deionized water. The resulting mixture was filtered and centrifuged. Each resulting supernatant was transferred into three 50 ml centrifuge tubes in 25 ml portions, respectively. The tubes were capped, labeled, and put in the refrigerator for later use within one hour. Into each triplicate centrifuge tubes containing 25 ml of the spinach and mustard green, collard green, and bitter leaf supernatants, respectively was added 25 ml of the lead nitrate solution (1300 ppm) prepared above. The twelve tubes and their contents along with triplicate tubes containing the 1300 ppm lead solution and its two-fold diluted solutions were vortexed, tightly secured on the rack of a heavy duty Eberbach 6000 shaker, and agitated for 24 hours at room temperature.
Reaction of the Plant Supernatants
Reaction of 1300 ppm of Lead Solution with the Fruity Vegetables (Bell Pepper & Tomatoes) Supernatants
Into each triplicate centrifuge tubes containing 25 ml of the red, green, and yellow pepper and tomatoes supernatants, respectively was added 25 ml of the lead nitrate solution (1300 ppm) prepared above. The twelve tubes and their contents were vortexed, tightly secured on the rack of a heavy duty Eberbach 6000 shaker, and agitated for 24 hours at room temperature.
Reaction of 1300 ppm of Lead Solution with the Fruits (Red and White Grape, and Lime) Supernatants
Into each triplicate centrifuge tubes containing 25 ml of the grape and lime supernatants, respectively was added 25 ml of the lead nitrate solution (1300 ppm) prepared above. The nine tubes and their contents were vortexed, tightly secured on the rack of a heavy duty Eberbach 6000 shaker, and agitated for 24 hours at room temperature.
Reaction of 1300 ppm of Lead Solution with the Tuberous Vegetable (Carrot) Supernatant
Into the triplicate centrifuge tubes containing 25 ml of the carrot supernatants were respectively added 25 ml of the lead nitrate solution (1300 ppm) prepared above. The three tubes and their contents were vortexed, tightly secured on the rack of a heavy duty Eberbach 6000 shaker, and agitated for 24 hours at room temperature
Sample Preparation and Analysis
Sample Preparation
After 24 hrs, the shaker was stopped and the tubes and their contents were centrifuged at 3000 rpm for ten minutes. The resulting clear supernatant in each tube was transferred into another labeled clean centrifuge tube. All the labeled centrifuge tubes with their liquid contents were sent to PACE Analytical Services, Inc for lead analysis using EPA Method 6010. Note that PACE Analytical Services, Inc. is a commercial environmental laboratory that is accredited in accordance to the National Environmental Laboratory Accreditation Conference (NE-LAC).
Sample Analysis for Lead after Reaction
After the reaction period, the lead concentration (in ppm) in the liquid from each reaction tube was analyzed using EPA Method 6010 (Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES)).
Results
Data on Table 1 show the amount of lead in ppm remaining in each reaction tube after contaminated water was treated with leafy vegetable supernatants for 24 hrs and the percent of lead removed relative to the control: Control (1277, 0%); Spinach (17.7, 98.6%); Mustard Green (25.2, 98%); Collard Green (2.4, 99.8%); and Bitter Leaf (534, 58%) while Figures 1(a) and 1(b) show the amount of lead remaining in the reaction mixture after vegetative treatment and the percent of lead removed, respectively.
Discussions
On Leafy Vegetable Supernatants: The results on Table 1 and Figures 1(a) and 1(b) showed that the supernatants from all leafy vegetables (Collard Green, Spinach and Mustard Green) removed over 95% of the lead from contaminated water except bitter leaf. Furthermore, Collard Green, Spinach, and Mustard Green exhibited equal potential for lead removal. On Fruity & Root Vegetable Supernatants: The data on Table 2 and Figures 2(a) and 2(b) below showed that Carrot, Green Bell Pepper and Yellow Bell Pepper removed over 95% of the lead from the contaminated water while Red Bell Pepper and Tomatoes only removed 90% and 83% of the lead, respectively. Thus, all vegetables were able to remove 90% of the lead except Bitter Leaf (58%) and Tomatoes (82.7%).
On Fruit Supernatants: The data on Table 3 and Figures 3(a) and 3(b) below suggest that grape (white and red) removed ≥90% of the lead from contaminated water while lime removed only 57.6% of the lead. Further examination of the data for all plants on Figures 4(a) and 4(b) suggest a decreased potential for lead removal by supernatants from acidic v getables and fruits (Bitter e The percent of lead removed by the supernatants is based on the initial lead concentration assumed to be 1277 ppm. Although we set out to prepare 1300 ppm of lead stock solution; however, the average ICP result of the control after 24 hrs was 1276.66 ppm.
Conclusion
Lead contamination represents one of the most important problems of contamination at present due to its high toxicity and cumulative properties. Furthermore, environmental lead exposure is a public health problem of global dimension. The results clearly demonstrate that the supernatants from vegetables and fruits are very effective in removing lead from contaminated water. The order of percent lead removal is Collard Green (99.8%) > Spinach (98.7%) > Mustard Green (98.2%) > Green Bell Pepper (97.8%) > Yellow Bell Pepper (97.75%) > White Grape (96.7%) > Carrot (95.5%) > Red Bell Pepper (94.28%) > Red Grape > 93.5% > Tomatoes (84%) > Bitter Leaf (61%) > Lime (57%). The study concludes that liquid supernatants from pureed edible leafy, fruity, and root vegetables as well as fruits used in this study can effectively remove lead from contaminated water. Thus, this project represents a development of a highly effective vegetative treatment of lead contaminated water.
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